ABSTRACT -The objective of this study was to evaluate the effect of three levels of crude cottonseed oil on performance, organ weights, and blood parameters of growing broilers. Carcass and cut yields after 33 and 42 days of age and the economic viability of the diets were also evaluated. Male broilers of the Ross line were distributed in a completely randomized design, in a 4 × 2 factorial arrangement (0, 2, 4, and 6% inclusion of cottonseed oil, with and without ferrous sulfate) with five replicates. In the period from 22 to 33 days, quadratic and increasing linear effects were observed on feed intake and weight gain, respectively. Feed conversion during the same period was better with the addition of ferrous sulfate. The addition of ferrous sulfate caused a reduction in heart weight. From 22 to 42 days, carcass and cuts yield, organ weight, and intestine length were not influenced by the levels of oil or by the addition of ferrous sulfate. Supplementation with iron salts provided a lower red blood cell count and increased mean cell volume. Balanced diets formulated with up to 6% of crude cottonseed oil for broilers from 22-33 and 22-42 days of age do not affect their performance or the weight of their organs. Supplementation with ferrous sulfate improved feed conversion up to 33 days. Diets formulated with 4% cottonseed oil supplemented with ferrous sulfate are economically viable in the period from 22 to 42 days.
Introduction
In cotton growing, the material obtained at harvest consists of a product named cotton boll, which is composed of the fiber and the husks. When the lint is open, it reveals the seed, which is rich in oil and thus pointed out as one of the main feedstocks for the edible-oil industry (Freire, 2003) . This oil has a great importance for human or animal consumption (Lopes, 2010) .
Although cotton by-products can be good alternatives in broiler diets because of their composition, their use in diets for monogastric animals is still restricted due to the presence of a yellow polyphenolic compound called gossypol (C 30 H 30 O 8 ), produced by glands present in all parts of the cotton tree (roots, leaves, trunk, and mainly in the seeds) (Nagalakshmi et al., 2007) . Gossypol has antinutritive properties, as it is responsible for toxic effects in the animal (Santos et al., 2013) .
Gossypol is associated with reduced use of proteins, because in its free form, it binds to proteins or to an amine group free of essential amino acids, especially lysine, reducing the protein biological value (Nagalakshmi et al., 2007) . It also has an inhibitory action on the proteolytic enzymes present in the gastrointestinal tract of birds, like pepsin and trypsin, which negatively interferes with the protein digestion, reducing its digestibility (Ryan et al., 1986) . There are also reports that gossypol can trigger alterations in the hematological and biochemical parameters of birds (Aletor et al., 1989) .
According to Waldroup and Kersey (2002) , the adverse effects of gossypol can be minimized by limiting the amount utilized or by neutralizing it with soluble iron salts in a proportion of 2:1 for broilers. Thus, when ferrous sulfate is added, animals tolerate higher levels of free gossypol, reaching 100 ppm and even 200 ppm for the initial and fattening phases (Barbosa and Gattás, 2004) .
Given the lack of information about the use of cottonseed oil in broiler feeding, this study aimed to evaluate the effects of including crude cottonseed oil in isoenergetic diets supplemented with or without ferrous sulfate between 22 to 42 days of age, including an economic analysis of the viability of these diets.
Material and Methods
This study was conducted in strict accordance with ethic recommendations and was approved by the Committee of Ethics on Animal Experimentation of Universidade Federal do Piauí (Piauí, Brazil) (#030/12).
A total of 560 male broilers of the Ross line were used in a completely randomized design with a 4 × 2 factorial arrangement (four levels of oil, with or without ferrous sulfate), five replicates, and 14 birds per experimental unit.
At 22 days of age, birds were weighed and distributed according to their average weight into 2-m 2 boxes containing feeder buckets and automatic drinkers, located in a masonry shed covered with ceramic tiles, with concrete floor. Separators between the boxes consisted of flat wire screen, and curtains were used to control the temperature and drafts. Until the beginning of the experimental phase (22 days of age), birds were housed in a conventional shed and fed corn-and soybean meal-based diets according to the requirements described in Rostagno et al. (2011) .
The tested cottonseed oil levels were 0, 2, 4, and 6%, following the energy requirement of each phase as recommended by Rostagno et al. (2011) . Ferrous sulfate (Fe 2 (SO 4 ) 3 ) was included in the amount of 0.1%, according to Santos et al. (2009) .
Experimental diets were formulated to meet the nutritional requirements of the broilers under study, as recommended by Rostagno et al. (2011) (Tables 1 and 2 ). The cottonseed oil utilized in the experiment was obtained by mechanical pressing; it contained 1.2% gossypol (LABTRON by UV-VIS spectrophotometry) and 9,120 kcal/kg gross energy (LANA-UFPI by calorimetry). For the formulation, the composition of the ingredients described in Rostagno et al. (2011) was adopted, except for the cottonseed oil, for which we adopted the metabolizable energy determined in a previous study according to the method of Sakomura and Rostagno (2007) , of 7,732 kcal/kg for the cottonseed oil without ferrous sulfate and 8,270 kcal/kg for the cottonseed oil with ferrous sulfate, whose values were utilized for adjustments of the energy level of diets. Humidity and maximum and minimum temperature in the shed were monitored using a thermo-hygrometer placed in the center of the shed at the height of the back of the birds, with values read daily. Water was supplied ad libitum, and changed twice daily to prevent heating and fermentation. A continuous lighting program (natural + artificial light) was adopted, and diets were available ad libitum. Mean values for the maximum and minimum temperatures and relative humidity of the air recorded inside the shed in the period from 22 to 33 days were 31.8 ºC, 25.1 ºC, and 70%, respectively. From 34 to 42 days, the observed maximum and minimum temperatures were 31.6 ºC and 24.7 ºC, respectively, and recorded humidity was 70%.
At 33 and 42 days of age, feed intake (FC) was evaluated, calculated as the difference between the amount of feed supplied and the orts from the experimental diets. Weight gain (WG) was determined as the difference in weight of the birds at the beginning and end of the period. Feed conversion (FC) was calculated from feed intake and weight gain data in the period. Feed intake and average WG were calculated as a function of the number of birds in each plot, and in cases of mortality, they were defined as a function of the number of birds corrected according to Sakomura and Rostagno (2007) .
At 33 and 42 days of age, one bird with weight close to the average weight of the experimental plot was selected and fasted for six hours for the removal of organs (heart, liver, gizzard + proventriculus, bursa, spleen, pancreas, and intestine) to determine their relative weight, which was calculated considering the live weights of the birds.
Also in this period, three birds with weight close to the average of the pen were slaughtered after six hours of fasting for evaluation of the carcass and cuts yields. After the fasting period, birds were weighed individually to determine their live weight, and then slaughtered, bled, and plucked. The carcass yield was defined as the ratio between the empty carcass weight and the weight of the fasted bird. To determine the empty carcass weight, we considered the weight of the slaughtered fasted birds without feathers, organs, head, neck, and feet. Immediately afterwards, the breast, drumstick, thigh, wings, and abdominal fat were cut and weighed. The cuts yields were determined in relation to the empty-carcass weight. On the 38th, 39th, 40th, 41st, and 42nd days of age, 3 mL of blood samples were collected from the jugular vein of one bird per experimental unit, totaling five birds per treatment. Anticoagulant EDTA (ethylenediaminetetraacetic acid) was used at the rate of 0.1 mL for 1.0 mL of blood for blood collection. The following hematological tests were run: count of red and white blood cells, using the blood sample and a Natt and Herrick's solution at a dilution ratio of 1:200, with the count performed (N/mL) in a Neubauer chamber; hematocrit or globular volume, by the microhematocrit method; measurement of plasma total proteins, by refractometry, utilizing the plasma from the same capillary used for the microhematocrit (Goldenfarb et al., 1971) ; and hemoglobin concentration, by the cyanmethaemoglobin method (Collier, 1944) . With these results, the Wintrobe (1934) hematimetric indices mean corpuscular volume and mean corpuscular hemoglobin concentration were calculated using standard formulae.
For the study of economic viability of the inclusion of crude cottonseed oil with and without addition of ferrous sulfate to the diet, the following primary variables were considered: average feed intake (AFI, kg), feed cost (FC, kg), average weight gain (AWG, kg), average live weight (ALW, kg), and price of the live chicken (PLC, kg). Based on the observed values for these primary variables, the following economic indicators were obtained, according to Togashi (2004) : average feed cost (AFC) = AFI × FC; AFC/AWG ratio; average gross income (AGI) = ALW × PLC; and average gross margin (AGM) = AGI -(AFC + AFC in the period from 1 to 21 days). An AFC of R$0.84 was adopted, relative to average values determined in previous studies with chickens of the same line, origins, and at 1 to 21 days of age.
Gross margin (GM) was calculated as GM = (kg of chicken produced × chicken sale price) -(feed price × feed intake), involving the prices of the ingredients in the diets. The Bioeconomic Index (BEI) was used to evaluate the effect on profitability, obtained by the following formula: BEI = weight gain -(Z × FC), in which Z is the ratio between the kilogram of feed and the price of the kilogram of the live chicken.
The average prices of the kilogram of live chicken (R$2.69), corn, and soybean meal were obtained on the poultry production website Avisite (2014), whereas the price of the kilogram of diet was calculated based on the prices of the ingredients in the period of March 2013, as follows: corn -R$0.51; 48% soybean meal -R$0.82; dicalcium phosphate -R$2.80; limestone -R$0.27; soybean oil -R$3.45; common salt -R$1.40; vitamin-mineral supplement -R$11.00; DL-methionine -R$19.00; L-lysine HCL -R$13.00; inert (sand) -R$0.00; crude cottonseed oil -R$1.65; and ferrous sulfate -R$23.60.
Data were subjected to evaluation of homogeneity and normality; any outliers identified were removed. Subsequently, the data were subjected to analysis of variance, using the GLM procedure of SAS (Statistical Analysis System, version 9.0). Estimates based on the level of cottonseed oil were established by linear and polynomial regression models. Means were compared by the SNK test with α = 0.05.
Results and Discussion
From 22 to 33 days of age, no interaction (P>0.05) was observed between the levels of cottonseed oil (COL) with or without ferrous sulfate on the variables feed intake, weight gain, or feed conversion (Table 3) . Feed conversion was not influenced by the level of cottonseed oil in the diet. However, a quadratic effect (P<0.05) was detected on this variable, according to the equation FI = 1.423 + 0.036COL -0.0049 COL 2 (R 2 = 0.86), with the highest intake obtained with 3.75% of inclusion of cottonseed oil in this period.
The increase in feed intake up to this level of 3.75% can be explained by the beneficial effect of the fats, by the lower heat increment projected onto the diet, and by the property of improving the palatability of the feed, stimulating consumption, according to Lipstein and Bornstein (1975) . However, after this level, the gossypol present in the oil might have caused a reduction in feed intake, although it did not impair the weight gain of these animals, because a linear increase (P<0.05) was observed in this variable, according to the equation WG = 0.848 + 0.03COL (R 2 = 0.63), in which weight gain was increased as the levels of inclusion of cottonseed oil in the diets was elevated. Similar results were obtained by Andreotti et al. (2004) , who added soybean oil at the levels of 0.0, 3.3, 6.6, and 9.9% in diets for broilers in the period from 21 to 42 days and observed a quadratic effect on weight gain, revealing a tolerance to soybean oil up to the level of 9.63%.
The linear increase in weight gain may also be related to the increase in feed intake up to the level of 3.75% of inclusion of the oil, demonstrated in this same period, and to the better utilization of these nutrients resulting from the reduction of the digesta transit time, thereby subjecting the nutrients to the enzymatic action for a longer time. This was observed by Andreotti et al. (2004), who found that increasing levels of inclusion of soybean oil caused a linear decrease in the feed transit time at 22 and 42 days of age.
According to Santos et al. (2009) , the addition of lipid sources improves the palatability and provides greater digestive and absorptive efficiency of non-lipid components of ingredients, in the diets. Thus, the increase in weight gain and the improvement in feed conversion observed with the inclusion of fat in isoenergetic diets for broilers have been attributed to the extra-caloric effect of fats, as they provide better energetic efficiency, resulting from the lower heat increment from the fat, which increases the available dietary net energy for animal production (Sakomura et al., 2004) .
Still addressing the period from 22 to 33 days of age, feed intake and weight gain were not influenced by the addition of ferrous sulfate. On the other hand, feed conversion was improved (Table 3) , corroborating the results found by Heidarinia and Malakian (2011) , who, evaluating the use of cottonseed meal in broiler diets with and without addition of ferrous sulfate to chelate gossypol, observed that the feed conversion of the birds fed the meal plus 0.04% ferrous sulfate was significantly better than that of the birds that consumed the meal without ferrous sulfate. Likewise, Karakaş Oğuz et al. (2006) obtained positive effects of supplementation with ferrous sulfate in diets containing cottonseed meal for broilers and concluded that supplementation with iron was more effective than the control diets, improving weight gain. Buitrago et al. (1970) evaluated the effect of dietary iron (400, 800, and 1,200 mg/kg) on the accumulation of gossypol and its elimination in the liver and pigs and found that feed intake was significantly greater in the animals that received diets with higher levels of iron, although the daily weight gain and feed conversion were not influenced. Additionally, the authors observed a significant linear effect of the dietary iron level on the iron content in the liver, indicating its accumulation in the tissues.
As regards the performance of the birds in the entire phase (22 to 42 days of age), no interaction (P<0.05) was observed between the levels of cottonseed and the addition or lack of ferrous sulfate in the diets, without influence of the oil levels (Table 3 ). In general, research conducted with cotton by-products in diets for monogastrics has demonstrated a decline in performance of animals caused by increments in the levels of inclusion of these ingredients; however, this was not demonstrated in the current study, which implies that the addition of up to 6% of cottonseed oil in diets for growing broilers does not have a negative impact on the performance variables. This fact may be related to the level of free gossypol present in the oil utilized, the period of consumption, and the stress conditions to which the animals were subjected, which were not sufficient to compromise their feed intake, weight gain, or the feed conversion (Gamboa et al., 2001) . No effects (P>0.05) of supplementation with ferrous sulfate were observed on the feed conversion of the birds or on the other performance variables (Table 3) . Because of the lack of positive responses from animal performance to the iron salts in the total period, this supplementation may be unnecessary depending on the level of free gossypol present in the cotton by-products. Evaluating the effect of layer diets containing cottonseed meal treated with and without ferrous sulfate, Panigrahi et al. (1989) obtained lower feed intake and fewer spots in the egg yolk, attributed to the treatment of cottonseed meal with the ferrous sulfate heptahydrate solution.
No interaction (P>0.05) was observed between the levels of cottonseed oil and the inclusion of ferrous sulfate (Table 4) for any of the carcass and cuts yield variables at 33 days. The levels of cottonseed oil had no effects on the carcass and cuts yield, except for the drumstick yield, on which the oil levels had a quadratic effect, according to the equation DSY = 14.077 + 0.208COL -0.004COL 2 (R 2 = 0.59), with the lowest drumstick yield obtained at the level of 2.6%. However, the increase in the amount of cottonseed oil in the diet might have provided a better use of the nutrients, benefiting the protein synthesis and consequently leading to a better drumstick yield after this level of inclusion of the oil. On the other hand, Andreotti et al. (2004) did not observe influences of the increasing levels of soybean oil on the yields of drumstick and other cuts from broilers.
No interaction was detected (P>0.05) between the oil levels and the addition or non-addition of ferrous sulfate on the weight of the organs or on the intestinal length of the broilers at 33 days of age. The relative weight of organs and intestinal length of birds in this phase was not influenced (P>0.05) by the cottonseed oil levels added to the diet. Addition of ferrous sulfate interfered (P<0.05) with the weight of the heart of these animals, which decreased (Table 5 ). Liver cells are the main sites where iron is stored, as a protein named ferritin. Therefore, it is one of the main organs affected by high iron levels in the body, and so its excess intake leads to an accumulation of liver iron (Siqueira et al., 2006 ), but no difference was observed in the liver of animals fed diets with and without iron supplementation. However, in addition to the liver, other organs can be compromised, since there are reports that high iron stores in tissues may lead to the formation of free radicals, which may be associated with progressive tissue lesions in several organs (Siah et al., 2006) . These lesions, in turn, may be related to the lower weight of this organ found in the animals of the present study, which had their diets supplemented with ferrous sulfate.
No interaction (P>0.05) was observed between the levels of cottonseed oil and the supplementation or lack of supplementation of ferrous sulfate for any the carcass or cuts yield variables at 42 days, and nor was any influence of the levels of oil or addition or non-addition of ferrous sulfate (P>0.05) ( Table 6 ). It is known that the carcass yield and the abdominal fat content can be affected by the levels of oil added to the diet (Roll et al., 2011) . However, when animals are subjected to high-energy diets, there is an increase in the deposition of fat underlying the skin, around the organs, and especially in the abdominal region (Summers and Leeson, 1979) . This was not observed in the present study, since the amount of fat increased as the levels of cottonseed oil were increased, indicating that this oil can be utilized at up to 6% of inclusion for broilers in the phase from 22 to 42 days of age without the need for addition of iron salts, because it does Table 5 -Effect of cottonseed oil levels (COL), with or without addition of ferrous sulfate, on weight of organs from broilers at 33 days of age CV -coefficient of variation; FS -ferrous sulfate.
Means followed by common letters in the column do not differ statistically according to the SNK test (P<0.05).
not incur losses in the yields of carcass, breast, drumstick, thigh, or wings, and neither does it elevate the abdominal fat contents. Regarding the weight of the animals at 42 days, no interaction was observed (P>0.05) between the levels of oil and the addition or non-addition of ferrous sulfate. The relative weights of organs and the intestinal length of birds in this phase were not influenced (P>0.05) by the levels of cottonseed oil or by the ferrous sulfate added to the diet (Table 7) .
No interaction (P>0.05) was found between the levels of cottonseed and the addition or non-addition of ferrous sulfate to the diets on the blood parameters of the animals. Also, no alterations (P>0.05) were observed in these parameters according to the levels of cottonseed oil added. However, the inclusion of ferrous sulfate resulted in a decrease (P<0.05) in the red blood cell count and an increase in mean corpuscular volume (Table 8) . Possibly, the lower red blood cell count observed in the animals that received diets with ferrous sulfate is related to the decomposition of H 2 O 2 (hydrogen peroxide), an iron-dependent oxygen metabolite that has its toxicity increased by 10,000 times in the presence of this metal. This reaction results in the formation of hydroxyl radicals (OH + ), which are potentially capable of reacting with the lipids from the red cell membrane, causing hemolysis of these cells (Eaton, 1991) . However, the lower red blood cell counts observed were not sufficient to compromise the performance of the animals, perhaps because even with this reduction, the red cells are within normal parameters for the Ross line (Furlan et al., 1999) , since none of the performance variables was influenced by supplementation with ferrous sulfate. Gaber et al. (2012) observed that the counts of red blood cells, hematocrit, and hemoglobin in Nile tilapia were elevated with increasing levels of inclusion of iron in the diets containing cottonseed meal, indicating that they can be affected by the dietary iron, contrasting the results found in the present study.
The average feed cost varied between 2.25 and 2.38 (Table 9 ). The feed cost was increased with the inclusion of crude cottonseed oil in the diets; however, the diets with the highest level of the oil, 6%, showed a similar cost to the diet without the oil (0%). When ferrous sulfate was added to the diet, it was observed that these costs became higher compared with the diet without supplementation of ferrous sulfate, generating an increase of 3.0, 2.0, 0.4, and 5.0% in the diets containing 0, 2, 4, and 6% of cottonseed oil with ferrous sulfate, respectively.
The AFC/AWG ratio increased with the inclusion of the crude cottonseed oil in the diets, with the diets formulated with the highest level of the oil, 6%, without ferrous sulfate, providing a 4% increase compared with the diet containing 0% cottonseed oil. When the ferrous sulfate was added to the diets containing 0 and 2% of the cottonseed oil, an increase of 7 and 0.7% was observed in the AFC/AWG ratio compared with the diet with the same levels without ferrous sulfate. On the other hand, addition of ferrous sulfate to the diets with 4 and 6% of inclusion of the cottonseed oil provided a reduction of 3 and 2% in the AFC/AWG ratio. No differences were observed in this ratio with the addition of ferrous sulfate at the level of 2% of cottonseed oil. The largest difference in the average feed cost/average weight gain ratio between the treatments was observed in the diet without cottonseed oil, with iron supplementation, which provided a 7% higher AFC/AWG ratio than the diets with 0% cottonseed oil and no ferrous sulfate.
As the level of inclusion of the crude cottonseed oil was increased in the diets with and without supplementation of ferrous sulfate, an increase was observed in the average Table 6 -Effect of cottonseed oil levels (COL), with or without addition of ferrous sulfate, on yields of carcass and cuts from broilers at 42 days of age gross income when compared with the diets containing 0% cottonseed oil with and without ferrous sulfate, especially for the diets with 4% of cottonseed oil. Diets with 2, 4, and 6% of inclusion of this oil supplemented with ferrous sulfate also provided a higher average gross income compared with those without ferrous sulfate. The worst bioeconomic index among the diets with different levels of cottonseed oil was obtained with the diet containing 0% crude cottonseed oil with ferrous sulfate (0.74), compared with the other diets. In contrast, the diet formulated with 4% inclusion of the oil with ferrous sulfate provided the best BEI (0.86). Table 7 -Effect of cottonseed oil levels (COL), with or without addition of ferrous sulfate, on weight of organs from broilers at 42 days of age CV -coefficient of variation; FS -ferrous sulfate.
The results of the economic analysis, especially the average gross margin, indicated that in the period from 22 to 42 days of age, the inclusion of 4% crude cottonseed oil with ferrous sulfate provided the best economic result (R$3.27) among the diets. Therefore, this diet provided the best economic viability for broilers in this phase from 22 to 42 days of age. The decision of the best level of incorporation of cottonseed oil to broiler diets should be made after a specific evaluation for each case, considering not only the price of this ingredient, but also the performance of animals using it compared with the traditional lipid source.
Conclusions
Inclusion of up to 6% of crude cottonseed oil in diets balanced for broilers in the period from 22 to 42 days of age does not impair the performance of these animals. Supplementation with ferrous sulfate to chelate the gossypol provides a lower count of red blood cells and an increase in mean corpuscular volume in these animals, in addition to improving the feed conversion of birds in the period from 22 to 33 days of age. Diets containing 4% cottonseed oil with addition of ferrous sulfate are more profitable for broilers in this rearing phase. Table 8 -Effect of cottonseed oil levels (COL), with and without ferrous sulfate, on blood parameters of broilers at 42 days of age CV -coefficient of variation; FS -ferrous sulfate; GV -globular volume; PTP -plasma total proteins; RBC -red blood cells; HB -hemoglobin; MCV -mean corpuscular volume; MCHC -mean corpuscular hemoglobin concentration; WBC -white blood cells. Means followed by common letters in the column do not differ statistically according to the SNK test (P<0.05).
